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Abstract

Afull diallel cross involving six bread wheat genotypes was evaluated for the inheritance of some growth parameters. Mean

valugs displayed significant reduction of 17.50, 20.60, 17.67,

15.54, 15.25 and 28.04 per cent for days to heading, plant

height, fertile tillers, days to maturity, grain filling period (GFP) and grain yield per plant under late planting, respectively,
# compared to normal planting. Genetic analysis revealed that additive gene action for days to heading and maturity and
grain filling period under normal planting changed to dominant under late planting, while overdominant gene action for plant
height changed to additive and additive gene action for fertile tillers per plant and grain vield per pfant remained unchanged.
Dominant genes were responsible for early heading, fertile tillers per ptant and GFP under both plantings while dominrant
gene control for plant height and days to maturity under normal planting changed to recessive under late planting. Similarty,
gene control for grain yield per plant changed from recessive to dominant under late planting.

Introduction

Crop season of wheat ranges from 145 to 150 days for
normally planted crop in Pakistan. The important/critical
gowth stages include tillering, booting, heading,
withesis/pollination, grain formation and maturity, Heading
emergence of spike) indicates the completion of vegetative
phase and onset of reproductive phase of wheat plant
development. It starts after about 100 days of sowing and
Iakes further 5-6 days to start anthesis & pollination. The

period from anthesis/palliation to maturity is the grain

fumation process which is termed as grain filling period
[GFP}.

Juration of GFP is the most significant factor affecting the
qality of wheat grain. A longer GFP enables the plant to
itore assimilates/metabolites {carbohydrates, proteins, etc.)
nthe grains for longer period that results in a healthier
yan with more grain weight. Time of planting wheat crop
nthis connection is of extreme importance. Grain yield of
wheat is determined in part by grain weight which is a
finction of the rate and duration of grain filling {(Mou and
fonstad, 1994}, Thus, variation in the duration of spike

|energence and maturity will abviously alter GFP which

wentually affect the grain vield. GFP may be useful
physiological selection trait for influencing grain vield of

Wcicals. The significant effect of date of sowing on GFP has

been reported (Sharma, 1994).

lnderstanding the genetic behaviour of these parameters
wuld, thus, help to develop breeding strategies for
mproving wheat genotypes.  Begum and Saifuzzaman
1987) observed significant influence of sowing dates on
P and grain weight. When wheat was sown in
vember, GFP ranged from 45-50 days with a grain
gight of £3-55 mg/grain. Late planting reduced the GFP to
1035 days.

furana er a/. {1983) reported additive genetic control for
s to heading and tillers per plant. However, Singh er af.
[1987) observed that both additive and non-additive genetic
flects were important in the inheritance of ear emergence.
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Partiat dominant gene effects for plant height and
overdominance for tiller number was recorded by Lonc
(1989). Tandon er a/. (1989) reported additive gene control
for days to heading, plant height and non-additive for tiller
number. Khan and Bajwa {1990) observed additive gene
control for days to heading and plant height.

Genetic information regarding GFP and days to maturity has
been much scarce. Present study was, therefore,
undertaken to find out the patterns of inheritance for
growth parameters for normally as well as late planted
wheat crop which will yield useful information for future
breeding strategies.

Materials and Methods

The experiment comprised six wheat genotypes viz.,
Fak.81, LU26S, Faisalabad 85 (Fsd.85), Pasban 90
{Psbn.80}, 4943 and 4072 crossed in a 6 x B full diallel
fashion during the crop season 1995-96.

Experimental material {all 30 F.s along with their pa'rents)
was planted on 15th November {narmal planting} while the
same material was also sown on 15th December (late
planting} in a triplicated randomized complete block design
during the next crop season (1996-97}. Plant to plant and
row to row spacings were 15 and 25 cm, respectively.
Seeds were sown in holes (made with the help of dibble) at
tha rate of 2 seeds per site which were |ater thinned to
single healthy seedling per site after germination. Each
treatment was a single line of 5 meter length comprising of
approximately 30 plants. All the other cultural operations
inctuding hoeing, weeding, irrigation, fertilizers, etc. were
carried out identically to reduce experimental error.

Data regarding days to heading, plant height, number of
fertile tillers per plant, days to maturity, grain filling period
{GFP) and grain vyield per plant were collected separately
from each experiment. Days to heading were counted from
the date of sowing to the date of 50 per cent heading.
Days to maturity were counted from date of sowing to the
date of physioiogical maturity. Period from the date of 50
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per cent anthesis to the date of maturity was counted as
grain filling period in days. Data collected were subjected to
analysis of variance according to Steel and Torrie (1984),
sgparately. Formal diallel analysis as suggested by Mather
and Jinks {1982} was conducted to investigate gene action
and degree of dominance. Graphical analysis and
computation of genetic components of variation were also
carried out according to Hayman (1957).

To fulfill the assumptions of Hayman (1857) for the
adequacy of additive-dominance model two tests were
employsed. The first test was an analysis of regression
coefficient. Variances (of each array} and covariances {array
with its parental values) were estimated from the mean
diallel table. Then the regression of covariance on the
variances was computed. According to Mather and Jinks
{1982) the regression coefficient is expected to be
significantly different from zero but not from unity. Failure
of this test indicate presence of non-allelic interaction
{epistasis) or genes are not independent in their action, or
show non-random association among parents.

The second test was the analysis of variance of the
Wr + Vr and Wr-Vr. If dominance {(or certain types of non-
allelic interaction) is present Wr+Vr must change from
array to array. Similarly, if there exists epistasis, Wr-Vr will
vary between arrays.

Results and Discussion

Analysis of variance revealed highly significant differences
among genotypes for all the characters studied under both
normal and late plantings. On overall mean basis a
considerable reduction in all paraméters was recorded under
late planting as compared to normal planting (Table 1).
Days to heading, plant height, number of fertile tillers per
plant, days to maturity and grain filling pericd showed a
reduction of 17.50, 20.60, 17.67,
percent, respectively. Finally grain yield per plant showed a
reduction of 28.04 percent under late planting.

Days to heading: Analysis of variance (Table-2} depicted
that under both normal and late plantings, item a, which
measures additive gene effects, was highby significant and
accounted for a high proportion of the total variation. The
overall dominance component & was smaller but also highly

15.54 and 15.25 -

significant indicating the important role of dominance, The
item &, (directional dominance deviations of the genes) waj
significant under normal planting but non-significant unde
late planting. Asymmetry of gene distribution among th
parents was represented by significant b, componen
Similarly, significant &, item indicated the important effe
of specific genes. Influence of maternal and reciproca
effects (components ¢ and o, respectively) wa
nen-significant. Therefore re-testing of a and & items wa
not required.
The joint regression coefficient test indicated that undd
both normal and late plantings, regression coefficient
differed significantly from zero but not from unity fulfilli
the assumptions of the model. However, 2nd test whi
involves the analysis of variance of Wr+Vr and Wr-Vr g
the confirmation of the absence of non-allelic interaction
revealed significant differences for both Wr + Vr and Wr-Y
between arrays, indicating the presence of both dominang
and non-allelic interaction. Therefore, the data wey
considered partially adequate to explain the genetl
information in the presence of dominance and non-allel
interaction.

Genetic components of variation (Table-3)} reveal
significant values of both D and H components under bof
plantings suggesting that days to heading was under t
control of both additive and dominance gene saffecy
Unequal values of H, and H, indicated the presence {
positive and negative alleles in unequal frequencief
However, the difference was small in both case
Component F was negative and non-significant und
normal planting indicating lower frequency of doming
genes but non-significant under late planting. Th
environmental component of variation E was non-significa
in both cases, Average degree of dominance was less t
1 indicating the absence of dominance for this trait und
normal planting. The positive intercept of Wr/Vr regressi
line {Fig. 1a) also indicated an additive gene action wi
partial dominance. Average degree of dominance under
ptanting was more than 1 displaying an overdominantg'
action. Hoawever, graphical representation of W
regression {Fig. 1b) revealed a dominance gene acty
Thus, the gene action changed from additive in nom

Table 1: Range of mean values for some growth parameters among wheat genotypes under narmal and late plant)
showing mean reduction under late planting. Grand means in parenthasis.
Days to heading Plant height Fertile Days to Grain filling Grain yield py
(days) {cm) tillers per maturity period {days} plant {g) ]
plant {days)
Normal Planting 106.0-1 10,3 100.5-115.2 10.4-14.1 148.0-151.6 34.0-37.0 32.27-37.11
{108.5) (108.7) (12.3) {150.0}) (35.7}). (34.93) §
Late planting 87.0-92.3 80.1-93.3 7.8-11.6 125.3-128.0 28.3-31.6 21.71-26.9%
{89.5) {87.1 {10.1}) (128.7} (30.3} {25.14) _
Reduction (%) 17.50 20.60 17.67 15.54 15.25 28.04
Pak. J. Biol. Sei., 2 (3): 7871-790, 1999 782
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Table 2: Analysis of variance of 6 x 6 diallel for the characters studied (Mean squares).

Days to heading Plant height Fertile tillers/plant Days to maturity Grain filling period Grain yield/plant
Items of Normal Late MNormal Late Normal Late Normai Late Normal Late Normal Late
a 5 34.9510%* 33.6620*%* 242.100** 195.210%+ 21.440** 11.498*~ 8.352%x G.807** 11.529%+ 7.685*~ 19.006** 25.483++
+] 15 2.3950% 3.6524+~ 78.853*7 38516+ 1.404 1.476>~ 1.338** 1.849%+ 0.771* 3.849** 1.264 1.543
b, 1 11.8510%* 0.6685 2.099 86.616** 3.345 9.627* 2.635 (0.53% 1.657 1.157 3.337 - 9.753
b, 5 1.5814* 3.0370** 72.702%+ 30.101+ 1.171 0.456 2.009*%* 3.56G%r _0.615 24371 0.506 0.637
b, 1 1.7962% = 4.3259<~ 90,799+ 37.846"" 1.318 - - 1.137%% -0.831 1.211* 0.770* 4.935%* 1.454 1.138
c 5] 0.3000 0.4444+~ 1.058 8.490 0.739 0.757. 1.778 0.056 C.467 0.800 Q.742 2.021
d 10 0.1333 0.0777 1.259 14.165% 0.149 0.400 0.561 C.2566 (.233 0.517 0.466 0.452
Blacks 2 0.2595 0.2870 i0.986 23.858 1.180 0.467 3.787 0.260 0.343 1.6568 5.835 1.587
B x a 10 0.1240 0.1407 13.331 B.6G3 0.808 0.353 1.191 0.763 0.791 0.246 1.542 1.440
Bxb 30 0.2302 0.2561 7.606 5.925 0.918 0.292 0.373 0.406 0.314 0.380 G.651 1.232
B x b, 2 0.0074 0.3129 2.214 Q0.470 0617 0.232 0.624 ° 0.807 0.369 0.502 0.598 0.441
B x b, ) 10 0.3509 0.2092 5 206 86526 0.877 0.270 0.212 0.437 Q.395 0.412 0.529 0.930
B x b, 18 0.187% 0.2759 9.538 7.808 0.975 0.311 0.434 0.344 0.262 0.349 0.713 1.488
B x ¢ 10 0.1166 Q.0777 5.208 8.543 1.152 0.6949 1.294 0422 0.783 0.583 0.676 0.805
B xd 20 0.275 0.211%1 5224 9.145 0.559 0.261 0.853 0372 0.475 0.325 0.808 0.36%
Block interactions 70 0.2116 0.2013 7.401 8.039 0.833 0.351 0.758 (.450 0.495 0.374 0.827 0.954

*=PL005 ** =P-0.01

Table-3: Estimates of genetic components of variation under normal and late planting.

Days to heading Plant height Fertile tillers/plant Days to maturity Grain filling period ) Grain yield/plant
Components Normal Late Narmal Late Normal Late Normal Late Normal Late Nosmal Late
D 2.08+0.14* 2.48+x0.19% 524245 48" 18.49+3.78"  1.16+0.15* 0.72+0.10* 0.96+017% 0.37= 0.09* 1.29+0.08 0.74+021* 1.06 +0.09* 2.99+0.11*
H, 1.75+0.36* 2.92+0.48* B2.09+13.90" 24.85-9.59* 0.43+0.38 0.77+0.25* 0.58+0.43 1.69+0.21 0.21+0.20 2.745 +0.54* 009+0.23 0.04+0.27
‘H, 1.45+0.32* 2.28+0.42% 47.59+12.42* 20.03+8.56* 0.36+0.34 0.747+0.23 0.33+0.39 1.00:0.18 .18+ 0.18 2.29+ 048+ 0.19+0.21 0.18+0.24
F ' -147+ 0.35%  -0.60+0.48 40.84 + 13.38* 259+9.22 -1.0510.37*% -0.49+0.24* 0.38+0.42 0.35-0.20 0.00+ 0,19 " 0.38+ 0.52 -1.04+£0.22 016=z0.26
E C.07=0.06 0.06+0.07 2,48 =209 2.82x1.44 0.28+0.05* 0.11+0.03* 0.28+0.06 0.14+003 0.16+0.03 0.1310.08 0.32+0.03 0.42-0.04
tH, /D)5 0.9 - 1.08 1.08 1.15 G.60 1.03 0,782 2.13 0.40 1.92 .30 012
h? (ns} 0.81 G.74 0.47 0.586 0.75 0.66 0.53 0.46 0.74 0.36 0.72 . G.74
h* {bs} 0.97 Q.97 0.90 0.84 0.81 0.87 0.64 0.80 0.80 0.87 076 0.76

(H,/D1*® = degree of dominance, ht (ns), tbsl = heritabifity in broad and narrow sense, respectively * = Value is significant when it exceeds 1.96 after dividing it with its standard error.

783 Pak. J. Biol. Sci., 2 (3): 781-780, 1989
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planting to dominance under late planting. Additive gene
action for this trait has earlier been reported by
Raghuvanshi er af. (1988), Tandon et al. {1989} and Khan
and Bajwa (1990) while Khurana et a/. {1983} and Singh
et al. {1987) reperted both additive and dominant gene

action for the trait. &
High narrow and broad sense neritability estimates were
also recorded (Table-3). Hentability in broad sense

estimates the genetic proportion {additive + dominant -+
interaction} of the total phenotypic variation while
heritability in narrow sense estimates only the additive
proportion.  Thus, broad-sense heritability estimates
eventually are greater than narrow sense heritability. Their
relative magnitude explicate the proportion of additive
variation within genetic variation, Thus, for days 10 heading
under normal planting, greater proportion of the heritable
variation was of additive nature. Similarly, high estimates of
herifability were also obtained under late pianting. High
estimates of broad and narrow sense heritability for days to
heading were also reported by Ma {1988) and Raghuvanshi
et al. {1988).
Placement of array points displayed (Fig. 1a) that LUZ26S
had the maximum dominant genes for days 1o heading
under normal planting. Genotypes 4072, Pak.81 and Fsd.
a5 had the least dominant genes heing farthest frem the
origin. Psbn.90 and 4943 occupied the intermediary
position displaying equal proportion of dominant and
recessive genes in them.-Under late planting, Fig. 1c
indicated that LUZ26S possessed the maximum number of
dominant genes while maximum recessive genes were
found in Fsd. 85 and Psbn.g0.
To find out the correlated response of the dominant genes
with the phenotype of the common parert, Wr + Vr values
of the arrays were plotted against the parental values.
Under normal planting (Fig. 1b), a positive correlation
{0.892) ciearly depicted that the parents with late heading
had larger values of Wr+Vr and thus, had lesser dominant
alleles. So early heading was under the control of deminant
alleles. Simitarly, Wr+Vr/P graph (Fig. 1d) under late
planting depicted high positive correlation (0.767) between
Wr + Vr and parental values (P}. Thus, it was concluded that
early heading was conditioned by dominant genes under

both plantings.

Plant height: Analysis of variance for plant height under
both plantings (Table-2} revealed highly significant and
greater amount of additive (@) variation. Dominance
variation (b} was also found significant. Component b, was
non-significant under normal planting displaying the absence
of directional dominance deviations of the genes while it
was significant in case of late planting. Significant b, and
b, items depicted asymmetry of gene distribution and
important role of specific genes governing plant height.
Asymmetry of gene distribution among parents for plant
height was also reported by Singh and Singh (1992).
Maternat (¢} and reciprocal (o) effects were non-significant.

Pak. J. Biol. Sci., 2 {3): 781-780, 71999
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Retesting of g and b was thus, not needed.
Test of the regression coefficient b, showed that it differed
significantly from zero but not from unity showing absencs
of non-alielic interaction and suggesting the adequacy of
the data f&F the additive-dominance model for hot
plantings. But analysis of variance of array differences
showed significant differences for Wr+Vr and WV
indicating presence of both dominance and non-allelig
interaction under normal planting, However, these wer
non-significant under late planting. Thus, data wer
considered partially adequate for further analysis unds
normal planting and adequate under late planting. lgbal 8
al. (1991) and Chowdhry er al. (1992) alsa provided th
evidence of non-allelic interaction for plant height in wheal
When the genetic components of variation were computs
{Table 3) it was revealed that both additive (D) a
dominance effects (H) were significant under bot
plantings, however, magnitude of dominance was greatdl
Valugs of H, and H, were unequal in bath pianting
indicating unequal distribution of positive and negaig
alleles among the parents. Significant and positive F vaill
under normal planting signified the important role
dominant genes. Value of F under late planting was positid
but non-significant.  Environmental effect (E) w 1
insignificant under both plantings. Average degree &
dominrance showed the presence aof overdominance g '
action under both plantings. Wr/Vr graph under nor
planting (Fig. 2a) also indicated an overdominant g
action. However, under iate planting Wr/Vr graph (Fig. 4
depicted presence of additive gene action with parg
dominance. Results under normal planting are in accorda
with those of Petrovic and Cermin (1994} who i§
reported overdominance gene action for this trait. W
sesults under late planting are in accordance with those
Bebyakin and Korobova (1988}, Chowdhry et al. {1998
Lonc et al. {1993) and Lonc and Zalewski (1991) +
reported additive gene action tor plant height.
Broad sense heritability estimates were high {Table-2) w
narrow sense heritability was about 52 percent of §
broad sense heritability under normal planting and
percent under late planting. This indicated that about) _'
of the total inherited genetic portion was of domina
nature and half of additive nature.
According to the position of array points {Fig. 2a) Pa.§
4072 and Psbn.90 had maximum dominant genes ¥
4943 and LUZ6S contained the maximum recessive § ‘
under normal planting. In case of late planting {Fig.
Pak. 81 and LU26S had maximum number of dor
genes while 4943 contained minimurmn number of dom
genes. Genotypes 4072, Fsd.85 and Psbn.80 occup
intermediary position.
Correlated response of parental phenotype with
dominant genes (Fig. 2b) indicated that plant height
under the cantrol of dominant genes under normal pa
which tended to increase the plant height. Thed
Pak.81 and 4072 with greater dominant genes were
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parents. Under late planting it became clear (Fig. 2d) that
genes which lower the plant height were dominant while
recessive genes were responsible for increasing the plant
height. Thus, the parents with more recessive genes were
taller.

Fertile tillers per plant: After carrying out formal diallel
analysis {Table 2), it was observed that only the additive
genetic effects (z component) were significant with equal
frequency of dominant genes among the parents and
absence of directional dominance under normal planting.
Under late planting, both, additive (a) and dominant (b}
gene effects were highly significant. Significant &, indicated
the presence of directional dominance. Gene distribution
among the parents was found symmetrical. Role of specific
genes for this character under late planting was found
significant. Retesting of & and & items was not required due
to non-significant maternal and reciprocal effects.

Both scaling tests, regression coefficient and analysis of
variance of Wr+Vr and Wr-Vr, indicated absence of
dominance and non-allelic interaction. Thus, data were
considered adequate for further computation for both
plantings.

Genetic components of variation {Table 3} indicated that
only additive component (D) was significant under normal
planting. However, under iate planting significant amount of
both additive {D} as well as dominant (H) genetic variation
was observed. The distribution of positive and negative
alleles was different as indicated by H, and H, values under
normal planting. While under late planting H, and H, values
were necessarily equal showing similar distribution of
positive and negative alleles in the parents. Negative and
significant value of F under normal planting indicated the
greater frequency of recessive genes as compared to
dominant genes. Under late planting F was negative but
non-significant. Environmental variation was significant in
both plantings. Average degree of dominance under normal
planting {0.609) indicated the absence of dominance. This
was also shawn by the graphical presentation of the data
{Fig. 3a} where the intercept of regression lines was
positive. Involvement of partial dominance with additive
action for the trait has also been reported by Chowdhry et
al. {1992) and Lonc et a/. (1993).

Average degree of dominance under late planting (1.031),
however, depicted over dominance gene action. In contrary,
Wr/Vr graph {Fig. 3c) indicated an additive gene action
with partial dominance. Dominance gene action for this trait
was also reported by Prodanovic {1993) while Alam et a/.
(1990) and Lonc and Zalewski {1991} have reported
overdominance gene action for tillers per plant.

Almost equal estimate of narrow and broad sense
heritabilities under normal planting depicted that almost
whole of the inherited genetic variation was of additive
nature. The position of array points along the line {Fig. 3a)
depicted that Pak. 81 had the maximum number of
dominant genes while genotypes Psbn.30 and Fsd. 85 had

Pak. J. Biol. Sci., 2 (3): 781-790, 1993

the lowest number of dominant genes under non

planting. Genotypes 4072 and 4943 had nearly equf

~ number of dominant and recessive genes. Similarly, undi

late planting (Fig. 3c}, 4943 possessed most domina
genes while Pak.81 possessed least dominant genes.

Correlated response (Fig. 3b & d), was negative (-C.80
and -0.616) under both plantings. This suggested thi
fertile tiller number was reduced due to recessive gend

while dominant genes were involved to increase them ung
both plantings. Dominant gene control for tillers per pla
was also reported by Lonc and Zlaewski (18991) whi
Jedynski {1988) reported a recessive gene control fort
trait.

Days to maturity: Analysis of variance for both planting 7'
{Table-2) depicted aignificant additive {a) and dominani |J

effects, however, directional dominance (b,) was absa

Significant b, indicated different number of dominant gen ;

in the parents. ltem b; was non-significant under nor
planting but significant in case of late planting displayi

importance of specific gene effects in the later call
Maternal {c) and reciprocal (d) effects were non-significalé
in both plantings, thus, retesting of @ and & items was i

required.

When data were subjected to scaling tests adequacy of
data was fulfilled by both tests under both plantings.
Components of genetic variation (Table 3) depicts
significant additive (D) variation while dominance was fou

absent under normal planting. Under late planting, howevak
significant additive (D) as well as dominance (H) variatig

was detected. Unequal values of H, & H, indicated uneqs
distribution of positive and negative alleles in the pars
under baoth plantings. Similarly, F was non-significant s

positive. However, significant value of E depicted ti

influence of environment on the expression of this t

OUU"UNﬂ_..._;

under bath plantings. Average degree of dominance (0.78 7-

depicted the absence of complete dominance under nor

planting. The intercept of regression line in Wr/Vr g

(Fig. 4a) was also positive displaying the presence

partial dominance gene action. A greater portion of addif

inherent variation was detectable from the narrow sen
heritability which was about 83.47 per cent of the b

sense heritability. Under late planting, however, aveg

degree of dominance (2.139)} indicated the involvemsn

an overdominant gene action. The Wr/Vr graph iFig. &

also displayed the same. The narrow sense heritabi

estimate turn out to be 98.51 per cent of the broad s &

heritability suggesting the considerable involvement of by
additive and dominant variation in the inheritance of day
maturity under late planting.

Fig. 4a further revealed that Psbn.90 and 4243 had |
most dominant genes while LU26S had the low
dominant genes being farthest from the origin. Under|
planting LU26S contained the most dominant genes for
character under study (Fig. 4c) while Pak.81 had
minimum number of dominant genes followed by Fsd.

788




= I e TR A e

" Mahmood and Chowdhry: Heading, tillers, maturity, GFP, gene acticn, additive, dominance, wheat

Genotypes 4072 and Psbn.90 were located midway.

The situation became more clear when correlated response
of dominant gene distribution with the phenotype of the
tommon parent was ascertained. A negative correlation
(-0.839) indicated that dominant genes were responsible for
increasing days to maturity while recessive genes decreased
the time to mature under normal planting (Fig. 4b). The
closeness of array points suggested the strength of this
fact. Under late planting the correlated response of the
dominant gene distribution with the phenotype of the
tommon parent was positive (0.058). Thus, dominant
genes seemed to lower the days to maturity while recessive
genes increased them under late planting (Fig. 4d).

Grain filling period: Formal analysis of variance for grain
fiing period {Table 2} under both narmal and [ate plantings
indicated highly significant additive (a} and significant
dominant {b) effects. Non-significant b, item indicated the
aisence of- directional dominance. Item b, was non-
significant under normai planting but significant under late
planting. Significant &, component displayed the presence
of specific gene effects under both plantings. Reciprocal (¢)
and maternal {d} effects were found absent,

Both scaling tests for the data under normal planting
depicted absence of non-alielic interaction thus, data were
faily adequate for additive-dominance maodel. Under late
panting regression coefficient b differed significantly from
rre. However, analysis of variance of arrays indicated the
presence of both dominance and non-allelic interaction
between and within arrays. Thus, data were considered
partially adequate.

‘ompanents of genetic variation (Table 3) indicated that
under normal planting only additive variation (D) was
significant while dominance was non-significant. However,
under late planting these both components were significant;
dominance being greater. H, and H, components were
inequal showing different distribution of genes among
parents in both plantings. F was noh-significant and positive
inder both plantings. Environmental variance was
sgnificant under normal planting and non-significant under
lite planting. Average degree of dominance {0.408} under
nermal - planting  suggested  the presence of partial
tominance. Similarly, positive intercept of the regression
fne in Wr/Vr graph (Fig. 5a) also indicated partial
fominance with additive gene action. High narrow sense
beritability estimate {0.7446) also depicted the greater
peportion of additive genetic variation as compared to
fominance one in the total inherent genetic variation.

§lowever, average degree of dominance (1.927) under late

The regression line in Wr/Vr graph {Fig. 5c¢} also depicted
e same gene action with negative intercept. Relatively
mall narrow sense heritability estimate in comparison with
troad sense heritability also indicated greater amount of
minant inherited genetic variation,

he position of array points in Fig. ba indicated that
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LU26S, 4072 and Pak.81 had the most dominant genes
while Fsd. 85 had the most recessive genes under normal
planting. Psbn.90 and 4943 were located at intermediary
position, Under late planting (Fig. 5¢} maximum dominant
genes were present in 4943, Pak.81 and LU26S while
Psbn.80, being farthest from the origin, had the lowest
dominant genes. Fsd. 85 was located in the middle having
equal frequency of dominant and recassive genes. '
Distribution of dominant genes was negatively correlated
(-0.262 and -0.614) with the phenotype of the common
parent {(Fig. Bb and d} in case of hoth plantings which
suggested that dominant genes were responsible to
increase the grain filling period while recessive genes
tended to decrease it. That is why the parents with most
dominant genes had the smaller values of Wr+Vr. The
arrangement of the parental values along the lines strongly
confers this fact. - '

Grain yield per plant: Diallel analysis (Table 2} under both
plantings revealed that only a item was significant
indicating the presence of only additive gene effects with
absence of directional dominance and symmetrical gene
distribution and absence of any specific gene effects or
maternal and reciprocal effects.

Both the scaling tests conducted (test of regression
coefficient and analysis. of arrays) revealed the absence of
non-alielic interaction giving ‘complete adequacy of the data
for the additive-dominance model under both plantings.
Genetic components of variation {Table 3} revealed that
only additive genetic variation was significant under both
plantings. H, and H, values were different suggesting the
asymmetry of positive and negative gene distribution, F was
negative and significant under normal planting suggesting
that the recessive genes were more frequent. Value of F
under late planting was positive but non-significant.
Average degree of dominance (0.302 and 0.125) indicated
absence of dominance under both plantings. Graphical
representation of the data {Fig. 6a & c) also depicted a
similar gene action where the intercept of the regression
line was positive.

Narrow-sense heritability under both planting was very high
indicating the preponderance of additive genetic variation in
the inheritance of this trait.

Location of array points in Fig. Ba indicated that Psbn.90
was the most dominant parent while LU2Z6S and Pak.81
possessed the most recessive genes under normal planting.
Under late planting Fsd. 85 was the parent with maost
dominant genes while genotype 4Q72 had the minimum
dominant genes (Fig. 6c).

As displayed in Fig. 6b, recessive genes tended to increase
the grain vield under normal planting, However, under late
planting a dominant gene control for the trait was abserved
{Fig. 6d). Therefore, Fsd. 85 with maximum dominant
genes had greater grain yield per plant. Similarly dominant
gene control for grain yield per plant was also reported by
Lone and Zalewski (1991} while Lonc et al. {1993) reported
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recessive gene control for this trait.

These results revealed that genetic response of wheat
genotypes for growth parameters was greatly influenced by
the change in the planting time. Gene action for days to
heading, days to maturity and -grain filling period changed
from additive under normal planting to dominant or
overdominant under late planting. Similarly, heritability for
these and other traits also varied under both planting
conditions. Graphical representation depicted that parental
genotypes changed their positions from dominant to
recessive or midway, or from recessive to midway or
dominant or the other way. This signifies the influential role
of the environment on the genetic expression and
inheritance of these growth parameters in wheat.
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